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INTRODUCTION 


This paper summarizes recently completed studies on water use by several important 
plant communities in the Intermountain Region. These studies were designed to inventory 
water use and to evaluate the effects of several vegetation conversion and stand 
manipulation practices on potential water yield. 


Data were collected from 219 moisture sampling locations representing 14 sites and 
10 vegetation types. Soil moisture depletion and evapotranspiration data from some of 
these sites have been or are in the process of being published elsewhere (see list of 
references in table 1, page 7). However, data on six vegetation types from five of 
the sites probably will not be reported in other publications. 


The format is designed to provide the administrator, the researcher, and the 
student with soil moisture depletion and estimated evapotranspiration data taken from 
a wide variety of vegetation types, soils, and elevations. Obviously, all sites and 
vegetation types have not been studied in this short period. A summary of these data 
in a single publication may prevent unnecessary duplication of this work by others and 
point up gaps in our knowledge of water consumption. 


SITE DESCRIPTIONS 


All study sites are within three general areas of Utah (fig. 1). Sites 1, 2, and 
3 are in northern Utah within the Logan River drainage (upper right). Sites 4 through 
8 are in north-central Utah on the Davis County Experimental Watershed northeast of 
Bountiful (lower right). Sites 9 through 14 are in central Utah on the Great Basin 
experimental area east of Ephraim (lower left). 


Each study was planned and conducted independently; consequently, supplementary 
soil and vegetation descriptions are not uniform. Brief site descriptions are presented 
in table 1; more detailed considerations of the soils and vegetation for most sites are 
available in the literature citations (last column). Their location within the site is 
referenced by plot designations, such as Sa, 5b, Sc (tables 1 and 2, pages 7 and 10, 
respectively). Natural understory vegetation on all sites was maintained throughout 
each study; vegetation-type designations indicate only the overstory or dominant species. 


METHODS AND RESULTS 


Studies were to determine comparative water losses from two or more vegetation 
covers on paired or adjacent plots (e.g., mature versus clearcut aspen or aspen versus 
grass). Soil moisture on the study plots was measured several times each season with 
neutron moisture probes. All measurements on the Davis County Experimental Watershed 
(sites 4 through 8, tables 1 and 2) were made with a Nuclear Chicago probe; all others 
were made with a Troxler probe.! Measurements were taken in the top 6 inches and at 
l-foot intervals thereafter to the bottom of each hole. 


The numbér-of- holes drilled at each site»and their depths are presented in table 2. 
Most were drilled by a hand-held pneumatic jackhammer, except those on sites 7 and 8, 
where a track-mounted pneumatic drill was used. The latter method results in more . 
uniform soil moisture access holes and more accurate readings.? 


1Trade names are used for identification only; they do not imply endorsement by 
USDA Forest Service. 

2Richardson, B. Z. Installation of-soil moisture access tubes in rocky soils. 
J. Soil and Water Conserv. 21(4): 143-145. 1966. 
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Figure 1.--Map of Utah wtth three enlarged areas showing locations 
and elevations of study sttes. 
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The average maximum and minimum water contents and evapotranspiration estimates 
for all sampling points are given in table 2. The maximum water content shown is the 
amount measured on the initial sampling date, which varied from year to year depending 
upon phenology and accessibility. Minimum water content is the amount measured on the 
final sampling date, usually the minimum reached during the growing season. The 
difference between maximum and minimum measurements represents soil moisture depletion. 
Because the amount and distribution of summer rainfall profoundly affected these final 
moisture measurements, precipitation was measured on or near each study area. Precipi- 
tation during the growing season was added to soil moisture depletion to obtain an 
estimate of evapotranspiration. 


DISCUSSION 


Treatment effects can be evaluated by considering the treatment area as a system 
in which various inflow and outflow parameters can be measured and balanced. The 
general and somewhat oversimplified water balance equation 


Q =.P.-ET.- 1, -,aGW =as (1) 


is used frequently in forest hydrology problems of this type. In the equation, Q is 
streamflow, P is precipitation, ET is evapotranspiration, I is interception, AGW is 
change in groundwater aquifer storage, and AS is change in soil moisture storage. 


If treatments are confined to small plots, some estimate of effects can be obtained 
by modifying the water balance equation and making some necessary assumptions. On a 
small plot, streamflow and changes in the groundwater aquifer storage no longer are 
considered because they cannot be measured readily. Treatment benefits are restricted 
to measurable site parameters, and interception losses and reduced evapotranspiration 
become a measure of treatment effects. Interception losses are difficult to evaluate 
and are not characterized adequately for most vegetation types; therefore, interception 
usually is pooled with the evapotranspiration term. The water balance equation now can 
be written 


Et. a P= Ro = AS. (2) 


In equation (1), deep seepage of soil moisture (D) and surface runoff (R) are not con- 
sidered as separate terms. Deep seepage is assumed to be part of the soil moisture 
storage term (S), until such time as it is incorporated in the groundwater and reappears 
as streamflow (Q), or contributes to aquifer storage (GW). In plot studies, however, 
deep seepage is defined as the soil water that moves below the depth of rooting or below 
the depth of soil moisture measurements and, as such, must be considered a loss to the 
site. Because deep seepage is difficult to measure, it is assumed to be negligible or, 
when paired plots are compared, to be uniform; then, in either case, results are not 
unduly biased. Surface runoff also is a potential loss to the site and must be con- 
sidered in equation (2). Surface runoff can be collected and measured, but usually is 
negligible on well-vegetated sites in the watersheds of the Intermountain Region. On 
the single bare plot .(5c), precipitation has been corrected by estimated runoff (table 
2). Precipitation and soil moisture measurements can be made with relative ease and 
accuracy on small study areas. 
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Slatyer? suggests that the water balance equation be reduced to ET = AS during dry 
weather, because surface runoff.and downward drainage are closely linked to soil water 
recharge. Throughout much of the West, including Utah, summer precipitation on well- 
vegetated land seldom exceeds the immediate storage capacity of the surface few inches 
of soil. Therefore, it is readily available to loss by evapotranspiration. For this 
reason, the water balance equation becomes ET = AS + P during the summer months. 


Results presented in table 2 were taken from several independent studies and 
reflect water loss estimates from a large variety of vegetation covers and sites. Both 
soil moisture depletion and evapotranspiration are influenced by a large number of 
factors, including aspect, elevation, and several variables (e.g., climate, vegetation, 
and soil). Therefore, comparisons of water losses from dissimilar sites are suspect 
(table 2). However, this is not to say that all trends and observations are invalid. 
We simply want to caution against indiscriminate use of the data and to point out that 
comparisons of water withdrawal by various cover types are most valid when based on 
results obtained from paired plots. 


For example, certain trends in water consumption associated with single variables 
were noted and reported in the independent studies mentioned above. These observations 
were perfectly valid within the context of a particular study. However, as the scope 
of available information broadens with increased sampling, these trends are confounded 
and masked by the influence of other variables. To cite an instance, when aspen sites 
11 and 12 were considered separately, data indicated a definite trend in water use at 
two elevations. But, when evapotranspiration losses for all aspen sites during a single 
season are considered, no trends attributable to elevation are apparent as shown below. 


Elevation Soil moisture depletion Precipitation Evapotranspiration 

Ges) Cine) (in. (In.) 
6,100 8.31 4.29 12.60 
7,000 1455 4.30 15.85 
7,640 9.29 1.01 10.30 
7,800 9,54 1.01 10).52 
7,900 S617 4.80 10.47 
8,400 jn dne5 9 Leis 13352 
9,200 Me O2 5.55 13.417 


Our estimated losses probably are conservative, because the moisture that moved 
laterally into the plots subsequently is lost by evaporation or transpiration. It 
should also be noted that depletion figures represent only the soil moisture changes 
within the depth of measurement (4 to 9 feet). This depth does not necessarily rep- 
resent the maximum depth of root penetration on a given site. Because moisture with- 
drawal by roots below the depth of measurement is not included in the depletion figures, 
we may have underestimated depletion and evapotranspiration losses. 


Maximum moisture contents are constant on a given site, rarely varying more than 
l or 2 inches for the entire measured profile. Seldom, if ever, in the mountain water- 
sheds of this region does winter precipitation fail to fully recharge the soil profile. 
Hence, differences in maximum moisture contents merely reflect the difficulty in 
measuring field moisture capacity. Slight differences in moisture storage recorded for 
the particular day that initial measurements were made each year are due to gravi- 
tational water still present in the profile or to previous water withdrawal by 
evapotranspiration. 


3Slatyer, R. D. Plant water relations. New York: Academic Press. 366 pp. 1967. 


Minimum moisture contents and resulting soil moisture depletion values vary con- 
siderably both between sites supporting a given vegetation type and between years on 
any given site. These data reflect both moisture withdrawal and precipitation char- 
acteristics prior to final measurement. In some years, summer storms repeatedly 
replenish moisture deficiencies in the surface few feet of soil, but this water usually 
is lost through evapotranspiration within a few days. Most of the late-season rainfall 
contributes to the replenishment of soil moisture deficits. 


Growing season rainfall fluctuated greatly between the study years of 1963 and 
1967. For example, summer rainfall on site 5 averaged 4.61 inches, but ranged from 
"1.13 to 10.43 inches. This type of variation is advantageous because it provides a 
good estimate of the extremes that can be expected in soil moisture depletion and 
evapotranspiration values. Measurements from site 5a during 1963 and 1965 illustrate 
how rainfall can influence soil moisture measurements and contribute to interpretation 
problems. Maximum water content in the 9-foot profile was essentially the same (37.73 
and 37.55 inches) during each year. Minimum moisture contents were 18.61 inches in 
1963 and 25.72 inches in 1965. Rainfall in 1965 was nearly twice as great as in 1963. 
When precipitation was added to the soil moisture depletion figures, evapotranspiration 
was estimated to be 1.89 inches greater for the 1963 growing season. 


To make the results more comparable, total evapotranspiration values cited in 
table 2 were converted to inches of evapotranspiration per foot of measured soil 
profile. Then the highest and lowest evapotranspiration value for each vegetation type 
for all years and sites were used to construct figure 2. The graph illustrates the 
wide range of evapotranspiration values that might be expected over several years on 
many mountain sites. These results should not be considered conclusive as data on 
several of the vegetation types were taken for a limited number of sites and years of 
measurement. 


Tree and shrub types show a generally greater loss than sagebrush-grass, grass- 
herb, or bare types. Estimates for both sagebrush-grass (site 8) and bare types 
(site Sc) are based on but one site each and so are not reliable. Certainly, we would 
not expect the same minimum evapotranspiration value per foot of soil from both bare 
and well-vegetated sites, and--when legitimate comparisons are made--our expectations 
are substantiated. Comparative losses from adjacent grass-herb and bare plots (5b and 
Sc, table 2) show evapotranspiration losses nearly always 0.5 inch or greater per foot 
of soil on the vegetated plot. 


In all instances, sprout vegetation has a narrower range than respective mature 
types; so sprout ranges are found on the lower side of the evapotranspiration scale, 
although there is considerable overlapping (fig. 2). 


The range of evapotranspiration losses from Douglas-fir (Pseudotsuga menziesii) 
appears to be too small, but the information available is meager, representing data 
recorded for 2 years from site 16 and for a single year from site 3b. 


Most of the information assembled is for aspen, Gambel oak, and grass-herb types, 
consequently, the range of evapotranspiration losses per foot of soil is widest for 
these types. The higher evapotranspiration losses from the grass-herb type overlap all 
the other tree and shrub types, especially in the 1.75- to 2.75-inch range. Maximum 
rates of evapotranspiration are 3.26 and 3.10 inches per foot of soil from the mature 
aspen and oak types, respectively. 
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CONCLUSIONS 


Results of all studies indicate that moisture depletion is greatest early in the 
growing season (May to July) and that late-season losses generally are confined to 
withdrawal from deeper parts of the soil profile. By the end of each summer, most of 
the available soil moisture throughout the rooting depth is depleted. 


On paired plots, mature aspen stands utilized 0.48 to 4.50 inches more soil 
moisture from the upper 6 feet of profile than sprout stands. These differences 
diminish rapidly after the first year as sprout stands mature and evapotranspiration 
accelerates. Comparisons of evapotranspiration losses on Gambel oak plots show mature 
oak utilizes only 0.25 to 1.15 inches more moisture from the upper 6-foot soil profile 
than l-year-old sprout stands. In two instances, 3-year-old oak sprouts had greater 
evapotranspiration losses than mature stands. Removal of oak and aspen can prolong 
water savings only if sprouting is prevented. 


An indication of prospective water savings following conversion of aspen to grass 
can be obtained from moisture measurements on sites l, 2, 5, and 6. Reduced 
evapotranspiration losses ranged from 1.08 to 5.18 inches from 6-foot sampling depths 
and 2.76 to 7.59 inches from a 9-foot soil profile. The average reduced water 
consumption on plot 5S was 5.75 inches for the 4-year period. Conversion of Gambel oak 
to grass (site 4) reduced evapotranspiration losses by 4.55 and 3.83 inches from an 
8-foot-deep soil. 


Shallow-rooted plants extract less water from depth than deep-rooted vegetation; 
this is the premise upon which all vegetation conversion practices tor increased water 
yields are based. The difference in evapotranspiration losses before and after treat- 
ment is water saved. Eventually, such water will emerge as streamflow or will be stored 
in the groundwater aquifer. Obviously, treatments will be most beneficial on sites 
showing the greatest decrease in rooting depths. 
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a tte ES Headquarters for the Intermountain Forest and 
oot <.* Range Experiment Station are in Ogden, Utah. 
‘Field Research Work Units are maintained in: 


wed fied : ea i Boise. jdeho aera i! 
sont - Bozeman, Montana (in cooperation with 
; Montana State University) 
Logan, Utah (in cooperation with Utah 
: State University) (3/2343 aaa 
‘ - Missoula, Montana (in cooperation with 
e ese ‘ University of Montana) ‘ 
: af Moscow, Idaho (in cooperation with the - 
University of Idaho) 
; ey _ Provo, Utah (in cooperation With 
Pade oaths Man eraet =e" Brigham Young University) 
AS ee ye 


ea 
Ney 
ri 
aKF ' nif 
u 1 
( 
-* 
i . 
7 
4 
‘ a 
- rn ; 
4 
Ht 
2 ieek te 
2 ; 
. i ' 
is 


AFLC/HAFB/OGDEN / 2000 


NA eet 


Ss 


ae Tony 


“4 te 
mew 


wee 


*yidap [Ios "3-6 
eB WOIJ ‘Ul 6G*Z 07 dn puke [Ios Jo *3J Q adeJINS ay] WOT “UT QI‘*S 02 BO'T 
WOIJ paonpal alam Sasso] Ly ‘ssei3 0} uadse 3uMtaauod Ag *yeo ainjiew 
uey] Tajem Ssay ‘UF ST’, 03 $7Z°Q Wor pazttMn synords (tmyaquies snorand) 
yeo Taquiey ‘uadse ainjeul uey) [10s Jo *3J Q WOT} Id}eM SSaT ‘UI OS'F 
01 8F°Q Wor paziyMn sqnoids (Ssaptoynuisar, snjndog) uadsy ‘*1eak 0) 1eaA 
WOIJ puke SajIs UavaMjoq ATGeLapIsuod palxleaA J. pue uoNatdap ainjstour [tos 
yiog *(Lq) uoneridsuerjodeas ajeuinsa 0} pasn sem uorenba aoueteg 131eM 
V ‘yelp ul spaysitaiem utequnoul uo sadAj uoNeja30A QT BuMUasaiddar saqIs 
PI uO aqoid ainjsTou! uoAINaU & YIIM painseaui sem uoTJa[dap aanistow IOS. 


(Z9-.LNI tedeg 
yoreasay ‘Atag iset0q yasn) ‘snitt ‘*dd gl ‘“1OPrs YeIN ‘uapso 
‘*eig ‘dxq oSuey pue ysoioj uteyunow del] ‘spaysiaiem utTequnow 
yeig uo uonertdsuerjodena pajeuinsa pue uonejdap ainjstoul [10g *696T 
*AOd ‘G.1Jaqoy pue ‘mal *y preuoy ‘*g Iaqoy ‘uojysuyof 


\ 


*yidap [Ios *y-6 
eB WOTJ "UT 6S*Z 01 dn puke [10s Jo “3 Q adRJINS dy] WOT “UT BIS 02 QO'T 
WOIJ paonpat alam sassoy LW ‘ssers 0} uadse BuNIaauoD Ag ‘Yeo aImjew 
ueyy 1ajeM ssaq ‘Ul GT’ T 07 $Z°Q Wor paziqyn sinoads (11jaquies snoiand) 
yeo Jaquiey ‘uedse sinjeul ueYyi [10S Jo “J g WOT Ia}eM Ssa] ‘Ul QS'F 
0} 8F°Q WoOIJ paziyMn synoids (saprojnuiar} snjndog) uadsy ‘1eah 03 1e3ak 
WoO1IjJ pue saiis uaamjaq A[Tqeapisuod patzea Ly pue uoatdap aanjstouwl [Ios 
yiog *(Lq) uoneastdsuerjodeaa ajeuitjsa 0} pasn sem uonenba aouejeg 13aIeM 
V ‘Yeip UT spaysiaiem ureyunow uo sadAj uoNelasaa QT BuMuasaiddar says 
PI uo aqoid ainjstoul uOTINaU e YIM paInseaul sem uONaTdap a1njsIouw [10g 


(L9-.LNI tadeg 
yoieesay ‘Atag isetoy Ydsn) ‘sntit ‘*dd eT “1Opps YyeINQ ‘uap3so 
‘*e1g ‘dxq oduey pue jsaiog uTteyunoWIaju] ‘“‘spaysiajyem utejunoul 
yein uo uonexrtdsuerjodead pajyeumnsa pue uonatdap ainjstour {10g "6961 


*Ajog *d iaqoy pue ‘may *y preuoy ‘*s yzaqoy ‘uoysuyof 


‘yadap Ios *y-6 
B WIOIJ "UT 6S*Z 0) dn pure [Ios Jo "I g aoeyins ayy WIOIJ "UT BT'S 02 BO'T 
WO} paonpat alam sassoy [A ‘sseis oj uadse Bum taauod Ag ‘Yeo ainjew 
uein Taiem ssay “UT GT *T 01¢7°0 wos paziyMn synoids (Maquied snd1and) 
yeo Jaquiey ‘uadse ainjeul ueyi [fos Jo ‘yg Wo IaIeM sso] ‘UT CC'F 
01 8F°0 Wor pazi{Mn synods (saptotnuiazy snjndog) uadsy ‘1eak 01 re9k 
WOJJ puke Salis usamjoq ATqeIapIsuod paliea [gq pue uonNatdap ainistou [Ios 
yiog *(Lq) uoneridsuerodead ajeuinsa 0] pasn sem uonenba souejeq 13jeM 
VY ‘yelp ul spaysitajem urequnow uo sadAj uoNejasaa CQ] SuMuasaidar sazts 
fT uO aqoid ainjsTOW UOTINeU eB YIIM painseau sem UONadap aanistouw {10g 


(Z9-.LNI tedeg 
yoteasay “Atag isatoy VdsSn) ‘sniit ‘‘dd gr “1OrFs 4yeIN ‘uapso 
‘vig ‘dxq oduey pue ysorog utequnouaquy] ‘spoysraiem utequnow 
yeiy uo uonettdsuetjodead pajewimsa pue uonaldap ainjstoul {10g *696T 

*AQ0q *q ieqoy pue ‘may *y preuoy ‘ *§ aqoy ‘uojsuyof 


‘yadap [Ios “3-6 
eB WOIJ ‘UT 6S*Z 02 dn puke [Ios Jo *Y Q ade"sJINS ayy WOT “UT BI*S 02 BOT 
WOJJ paonpar alam SassoyT Ly ‘sseis 0} uadse Bunaaauod Ag *yeo arnqew 
ueyy 19]8M SSOT ‘UI ST *~ 01 $Z°Q Woy paziyQn synords (Iequied sno1and) 
yeo jaquiey ‘uadse ainjew ueyi [10S Jo “Yo gQ WOT] IaIeVM ssayt ‘url QS'F 
fo}) 8F°0 wo1IJ pazijan syjnoids (saprojnuiar snjndog) uadsy ‘*1eah 07 1eah 
wor pue saj}Is UdaMjaq ATqeLapIsuod paliea [gq pue uonaydap ainqstou [10s 
yiog *(Lq) uonertdsuerjodead a3euITSa 0] pasn sem uoTeNba aduey{eq 197M 
VY ‘“yein ul spaysiajyem urequnow uo saddj uoneja3—aA QT BuMUasaidar saqs 
FT uO aqoid ainjsToW UoIINsU & TIM paInseaw sem uoNadap ainjstour [IOS 


(L9-LNI tadeg 
yoteasay ‘Atag ysaioq yasn) ‘snl ‘‘dd et ‘“TOrFs Yen ‘uapsyg 
‘ "eS ‘dxq asuey pue jJsotTOy uleuUNOUITO UT “spaystajyeM uUuTeVUNOUL 
yein uo uoneitdsuerjodead pajeuinsa pue uoNa|dap ainjstoul [10S *696T 
‘Mod *q iaeqoy pue ‘Mal *y preuoy ‘*s yaqoy ‘uoysuyof 


PGDEN / 2000 


| 
| 


Ne - 


=} ape me vt 


3 sb male vals 
Re eer ta Serre? 


os ae 


r 
aA 


eer 
Oooh 
shia! 


sep 


| FOREST. SERVICE CREED | 


x 
rf 


N a HF ea) -“ SAR Bs , 


“The Forest Service of the U. S..Department of Agriculture is 
~ dedicated to the principle of multiple use management of the 
»-Nation’s forest resources for sustained yields of wood, water, 
_ forage, wildlife, and recreation. Through forestry research, 
"cooperation with the States and private forest owners, and 
a management of the National Forests and National Grasslands, 
“is vit strives — as directed by Congress — to provide increasingly 
«greater service to a growing nation. .° Mat 
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